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1. Introduction:
Motivation:
The main problem that this project will hopefully solve, is the cost of the electricity. By
building this project, it will be possible to generate electricity by exercising on a stationary
bike. The electricity generated by the stationary bike will be capable of charging multiple
electric devices at the same time for no cost of money. Therefor, this project will allow
charging everyday devices with no cost of electricity. The idea of this project will be so

useful for lots of people around the world.

Function statement:
This project is to design and construct a drive system for a stationary bike that is able to
convert the angular movement to electricity.

Requirements:
The requirements listed below for this project will affect the efficiency and the operation
process of the project.
• Be able to generate 450W to charge the battery.
• Be able to charge the battery with minimum input cadence speed which is 44rpm.
• Be able to charge the battery with maximum input cadence speed which is 70rpm.
• The whole system must weigh less than 30 pounds.
• It must be adjustable by hand with less than 10N force.
• It must be easy to reach to work on, visible to the eye and within an arm length.

Scope of Effort:
The scope of effort on this project, will be designing and constructing a drive system. The
drive system will be able to generate electricity while exercising on the stationary bike.

Success Criteria:
A success in this project is being able to recharge a 12V battery by the minimum effort,
such as, using the stationary bike for 15min at 42RPM.

2. Design and Analyses
The design of the stationary bike generator system contains two parts, which are the
structure of the mountings and the drive train. For the drive train system, sheaves and
belts were chosen, because of their ease to manufacture, to rotate the shaft of the motor.
By using the belt system to drive the shaft, the ability to reach the goal of this project,
which is generating electricity by the minimum amount of effort, will increase, because of
the ability to maintain the ratio between the sheaves. By figuring out the right ratio, the
motor will keep generating electricity with the minimum amount of work and under any
load.

Approach: Proposed Solution:
The stationary bike generator system will contain the motor, 12V battery, and the
board that has the other electrical devices. By connecting the motor and the bike with a
belt system, the motor`s shaft will rotate by pedaling the bike. If the motor reaches
2256RPM, it will be able to charge the 12V battery. After the battery is charged, a
converter will convert the DC current to AC current. By doing that, there will be enough
charging voltages to charge several cell phones at the same time.

Description (picture, sketch, rendering):
The right design for this project is very important. Therefore, the design should be
precise and will made to meet the requirements.
The design for the drive train will be done by using sheaves and a belt. There will be a
sheave that has two different diameters to provide more flexibility with the ratio. The
part that has the larger diameter of the sheave will be driven by the wheel of the bike.
The part with the smaller diameter of the sheave will be driving the shaft of the motor by
connecting the two sheaves with a belt. It will be made out of plastic. There will also be
rubber wrapping on the part of the sheave that is driven by the wheel to create more
friction (see figure 1). The other sheave will be on the shaft of the motor and it will be
bought out of McMaster (see figure 2). The first sheave will be 3D printed.

.
Figure 1

Figure 2

Bench mark:
As for comparison, lots of stationary bike generator system were made around the
world. Each one of them, most of the time has something unique. However, this senior
project will be compared with Aarons Debbink `s bicycle. He posted a video on YouTube
about his bike generator. He uses the same basic ideas of the generator system (see
figure 3). However, this senior project will be more compact and organized.

https://youtu.be/TX71O449AQ0
figure 3

Performance Predictions:

By pedaling the stationary bike, the motor will generate voltage to charge the battery.
It will take 15 minutes to fully charged the battery. The fully charged battery will be
capable of charging several cell phones and laptops for around 20 minutes.

The stationary bike generator will be really on the cost, because almost everything will
be provided; such as, the motor, battery, and all other electric devices. The sheaves will
be made out of plastic, which is capable of this kind of operation.
The design and construction of this project will take around 40 hours.

Description of Analyses:
The parameters of this project are the size of the sheaves. The sizes of the sheaves will
be chosen by determining the needed ratios. The motor needs to reach 2256RPM to be
able to charge the battery. After doing the calculations, the approximate minimum
pedaling was 43.86RPM. Therefore, the sheave that is driven by the wheel should have a
diameter of 3.00in. The sheave that is attached on the motor`s shaft should have a
diameter of .995in.

Scope of Testing and Evaluation:
The scope of testing and evaluation on this project will be figuring out if the motor will
be able to generate the power needed which is 450W to charge the battery.

Analysis:
In this project, the right ratios between the sheaves and the length of the belt are
critical. The right ratio between the sheaves will provide the RPM needed from the motor
to be able to charge the battery. The needed RPM is 2256RPM (see appendix A).
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Methods and Construction:
Description:
The project contains two main aspects, the drive train system and the structural
system. For the drive train system, the sheave will be made by a 3D printer. The belt will
be bought out of a supplier in town. The motor, battery, and electrical devices will be
provided. One of the sheaves will be attached to the structural system and driven by the
wheel of the bike. The other sheave will be connected with the motor by a shaft. It will
drive the motor`s shaft. The two sheaves will be connected with each other with the belt.
After that, the battery will be attached to the structural system. There be wires that
connect the motor and the battery together to make the motor able to charge the
battery. Then, the battery will be connected to the electrical system. The electrical
system will contain the converter, electrical outlets, and the other electrical devises. The
converter will convert the 12V DC current to a 110V AC current. The converter will be
connected to the electrical outlets. At the end, the electrical outlets will be able to charge
several cell phones, laptops, or any other electrical device by just pedaling the stationary
bike.

Drawing Tree, Drawing ID’s:
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Parts list and labels:
There are many parts associated with this project. However, many parts will be
available in the lab due to the previous versions of this project. The parts list for this
project contains most of the parts needed for the project, in case of broken old parts of
the previous versions. The drive train system will be built using belt system. Therefore,
there will be two sheaves that are 3D printed. A belt will be bought. One of the most
important parts is the motor. It is available right now. However, it is listed in case of
needing a new one. (see table D-1)

Manufacturing issues:
Manufacturing the right sheaves sizes will be a tough task due to the different pedaling
loads. The stationary bike has several different pedaling loads. Therefore, determining
the right diameters ratio between the sheaves will be fairly hard. The reason behind that,
is one of the requirements is, to generate power by the minimum amount of the work.
Which means, there will be a large variety of ratios between the pedaling RPM and the
wheel RPM. There will also be another issue that will happen while high speed pedaling
at a small pedaling load. That scenario will force the motor to rotate at a very high speed,
which could harm the motor in several ways. There fore, a mechanical fuse could be
considered.

Discussion of assembly, sub-assemblies, parts, drawings (examples):
It is important for the assembly that both systems, structural and drive train, are
assembled within the design and the dimensions. The most critical part will be the pivot
point, because it will provide the tension on the belt and the friction force between the
wheel and the driven sheave.
The motor and the battery will be bolted on the designed mounts. The other electrical
devices will be attached to a wood panel which is attached to the stationary bike.

Testing Method:

Introduction:
One of the requirements is being able to charge the battery with minimum input
cadence speed which is 44rpm. And being able to charge the battery with maximum input
cadence speed which is 70rpm. These values were chosen because there are the most
common range among the users of the stationary bike.

Method/Approach:
Professor Beardsley was really helpful during testing due to his experience and his
instructions.
First, the motor will be tested by attaching it to a similar set up to the battery while it is
attached to the stationary bike to see its ability of charging the 12V battery. Then, a
virtual test can be done by SolidWork to see the performance of the sheaves. After that
the final assembly of the drive train system will be attached to the structural system to
figure out the final performance.
Deliverables for testing will be the overall performance of the stationary bike generator
system. The average power generated by the motor of five tests will be capsulated. The
final product will be analyzed to meet the satisfaction of the requirement.

Test Procedure:
•

•
•
•
•

•
•

I will test the capability of the motor trying to charge the battery. I will
pedal the bike at 44RPM, and find out if it is enough for the motor to start
charging the battery as I expected. An RPM reader will be used to measure
the RPM of the wheel. If 44RPM is enough to start charging the battery,
any higher RPM will charge the battery but at higher Amps.
I will do it Friday at 2pm. It will take about an hour.
I will do the test in the Thermo Lab.
Professor Roger Beardsley’s help will be needed to provide instructions.
Specific actions to complete the test,
• Attach the motor on the mount that is next to the wheel.
• Start pedaling the bike and try to control the angular speed at
44RPM when the RPM reader gives the reading to be 44RPM.
• Measure the voltage and the current by using a voltammeter to
know what the motor is generating.
• Find out if the battery is getting charged, by using the reader
device which is attached on the wood panel.
We do not want to exceed the capacity of the motor`s speed so we do not
damage it.
I think everything should go as we expected. Otherwise, I will have to do
some adjustments.

Deliverables:
The value expected to start charging the battery was 44RPM. while doing the test, the
battery did not get charged until the wheel`s speed reach 50RPM. As the wheel reaches higher
RPM, the battery is being charged with higher Amps.
The lowest RPM to start charging the battery was 50RPM, which is still good due to the
movement loses along the system.
Even though, the requirement was being able to charge the battery at 44RPM, the actual
number was 50RPM. That is because the calculations were done without accounting any loses
along the system. Therefore, 50RPM would still be a good number even if it a little higher than
the expected number.

Budget/Schedule/Project Management:
Proposed Budget:
Most of the parts that are required to build this project will be provided due to the previous
versions on this project. However, if the all parts are needed to be rebought, the cost will be
$235.48. If the parts from the previous version of this project are still functional, the cost will be
reduced by more than $150. All parts are available in online website such as Amazon.com and
Mcmastercarr.com. After assessment and valuation, the needed parts reached 14 pieces
including one spare belt to avoid any stop of work. All parts used in this project falls under
mechanical and electrical parts. (see table C-1)

Proposed schedule:
The tasks of this project are determining methods to complete the build, doing the analysis,
and other proposed tasks. Everything should go on schedule. Otherwise there will be a delay
that will affect the proposed tasks.
Every task should not take more than scheduled to avoid any changes on the schedule. The
schedule should present the time line of planning this project. Therefore, everything should
stick to schedule to start the build on winter quarter. The total estimated hours planning for
this project are 58hrs. those hours are divided between the tasks of planning the build of the
project. (see chart E-1).

Project Management:
One of the most valuable human resources is Professor Roger Beardsley who has the most
useful information to complete the build of this project. There are also the shops in the Hogue

Hall, they will be so useful resources to build the parts required for this project. Saudi Arabia
Culture Mission will provide a financial budget for this project if needed.

Discussion:
Design Evolution:
This project had two previous versions, each one of them had its own issues. Therefore, in
this version, the previous issues should be avoided; so, the project functions as it should. A belt
system was chosen for the drive train. Therefore, there is more ability to determine the
needed ratio. After the pulleys are designed, a belt with a certain length should be selected.
After choosing the belt an idler might be used to create the tension on the slack side of the belt.
Then, the whole system should be assembled to see how it will function.

Project risk analysis:
Time is a great risk factor. Therefore, everything should go how it is scheduled. Otherwise, if
a delay happens while working on the project, it will affect the whole procedures of the project.
So, if the project gets delayed there should be some changes on the schedule. For example, if
the parts are not shipped at the time planned, there will be a hold on the process of building
the project. Another example of risks of time is that the project can not be tested until the
winter quarter is over.

Successful:
The success of this project is being able to charge the 12V battery. However, it cannot be
tested until winter quarter, after the build is complete. The success of the drive train system is
to transmit the angular motion with the desired ratio between the wheel of the bike and the
shaft. Therefore, the motor will rotate at the desired speed which is 2256RPM to be able to
charge the battery.

Next phase:
The stationary bike generator system will be built in winter quarter. The drive system will be
assembled along with the structural system. After finishing the build, the whole system will be
tested and evaluated.

Conclusion:
This project is a stationary bike generator system. It generates power to charge a 12V
battery while exercising. It will be able to charge the battery at a low average cadence which is

observed to 42RPM. This project is divided into two main parts which are drive train and the
structure. The drive train system will be responsible for transmitting the angular velocity from
the wheel to the shaft of the motor. After the shaft reach 2256RPM, it will start charging the
battery. The structural system will be responsible of holding all the parts on place. After
assembling the two systems together, the project will be complete.

Acknowledgment:
Special thanks for professor Roger Beardsley for his huge support of the idea of this project.
Also thanks to Dr. Johnson and professor Pringle for their feedback and suggestions to make
this project better and their help with planning of the project. Thanks to the only partner of
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Appendix A:

A1(design of the system)

A2(design of the system)

A3(design of the system)

A4(design of the system)

A5(normal and friction forces)

A6(finding D3)

A7(velocity of the belt)

A8(angle of contact)

A9(tension force)

A10(normal stress on the belt)

Appendix B:

Figure 7(the sheave that is driven by the wheel)

Figure 8(the rubber wrapping)

figure 9(the sheave drawing)

figure 10(the rubber wrapping)

figure 11(assembly drawing)

figure 12 (motor)

figure 13(bearing)

figure 14(the whole system assembly)

figure15 (belt)

figure16( drive train)

Appendix C:
The budget for stationary bike system are the following
Part

Quantity

Electric
motor
12v
Battery
Convertor
U bolts

1

Identification Part cost
labels
$
114

1

38

1
4

29
1

Wood
panel
Sheave
Belt

1

5

1
1

25
11

Wires

2

6.5

Electric
outlet
Total

1

5.98

Site
Amazon
Mcmastercar
Amazon
Mcmastercar
Mcmastercar
Amazon
Mcmastercar
Mcmastercar
Amazon

$235.48

Table C-1(budget)

Appendix D:
The parts for stationary bike system are the following
Part

Quantity

Electric
motor
12v
Battery
Convertor
U bolts

1

Identification Part cost
labels
$
114

1

38

1
4

29
1

Wood
panel
Sheave
Belt

1

5

1
1

25
11

Wires

2

6.5

Electric
outlet
Total

1

5.98
$235.48

Table D-1(parts list)

Site
Amazon
Mcmastercar
Amazon
Mcmastercar
Mcmastercar
Amazon
Mcmastercar
Mcmastercar
Amazon

Appendix E:

chart E-1(schedule)

Appendix j:
alsuhaima@cwu.edu
200 N Pfenning Rd
(509) 859-2123
Education:
I am a Mechanical Engineering Technology student at Central Washington University. I am in
the senior year. Through my studying in Central Washington University, I have learned some
skills. For example, machining and welding.

